PROTEASES AND OXIDANTS IN EXPERIMENTAL PULMONARY 
INFLAMMATORY INJURY 

The investigators have exmined various biochemical parameters of pulmonary 
inflammation in experimental animals. Intrabronchial instillation of glucose oxidase- 
glucose (GO/G) to produce oxidants or formylated norleu-leu-phe (FNLP) or phorbol 
myristate acetate (PMA):as leukocytic stimuli induced severe acute pulmonary injury 
in New Zealand'white rabbits. PMA also induced inflammation when administered 
intravenously. Each stimulus induced transudation of protein from the vascular space 
into tHe pulhnonary tissues, and an influx of leukocytes during the 4-6 h period of the 
experiment. Pathophysiologic changes were measured by edema formation (transuda- 
tioniofl "I-bovine serum albumin):, and histologic examination. Biochemical analysis 
was performedi by measuring concentrations of potentially, injurious agents, in bron- 
choalveolar lavage (BAL):fluid. Increased acid protease and myeloperoxidase levels 
were found in the BAL fluid after administration of either of the stimuli. 

Schraufstatter. I. U„ Revak, S D.. and Cochrane, G. G. 

Journal of Clinical Investigation 73:1175-1384, 1984. 

Other support: Nationali Institutes of Health and the Office of Naval Research. 
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BIOCHEMICAL FACTORS IN PULMONARY INFLAMMATORY DISEASE 

Various biochemical events taking plhce during pulmonary inflammation were 
examined in the bronchoalveolar lavage (iBAL) fluids from patients with acute respira¬ 
tory' distress syndrome (ARDS) and in experimental animal models In patients with 
ARDS, active neutrophil elastase was found imthe BAL fluids In these fluids, inacti¬ 
vation of the major elastase inhibitor a,-protease inhibitor (a,-PI) occurred. This was. 
caused by oxidation of a methionine residue at the active site of the a,-PI, and offered 
indirect evidence of oxidation occurring in the inflamed pulmonary tissues. Studies 
withi experimental animals have been initiated to gain understanding of the relative 
roles of proteases, oxidants, araohidonate metabolites,, complement and contacti sys¬ 
tem components, and other mediators in the pathogenesis ofipulmonary inflammation. 
Intrabronchial instillation of glucose oxidase/glucose to produce oxidants .or formyla- 
tedi norleucylleucylphenylalanine or phorbol myristate acetate as leukocytic stimuli 
induced severe acute pulmonary injury' in New Zealand white rabbits and rhesus 
monkeys. The injury:’was accompanied by leukocytic protease (acid cathepsins) re¬ 
lease in rabbit lungs and oxidant formation, and could be inhibited 1 by neutrophil 
depletioni Oxidant formation w as demonstrated! by the inactivation of catalase by 3- 
amino* 112,4-triazole in the presence of H,Q :i a drop in intracellular glutathione lfevels, 
and in the rhesus monkey by inactivation of a,-PI. 

Schraufstatter, I., Rfevak, S. D., and Cochrane, C. G. 

Federation Proceedings 43:2807-2810, 1984. 
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port, The work reported inithis chapteroriginates from earlier studies of pharmacologic 
modification of pulmonary- arterial function and ! morphology. As part of an investiga¬ 
tion of the effects of selected systemic vasodilators on the pulmonary circulation, 
ketanserin (iR41468):and ^//rp-chlbrophenylhlanine (p-C PA) were tested. A third study 
was initiated to confirm or reject the results of the earlier ketanserin study and contrast 
its activity with another 5-HT, inhibitor, cyproheptadine (Perdactin): In summary, 
these studies support the previously repotted suggestion that the pathogenetic mecha¬ 
nism of RV hypertrophy and'medial thickening in chronic hypoxia may not be the 
same. Furthermore, serotonin seems to exhibit both excitatory and inhibitory activities 
on pulmonary arteries of 50 to 100 |±M in size. This effect w'as seen! by-either depleting 
5-HT w'ith/?-CPA treatment or by blocking the 5-HT- receptors with ketanserim These 
experiments focuses attention on new concepts and possibilities for the control of the 
pulfnonary circulation and is compatible with the hypothesis that normoxic pulmonary 
vasodilation is the active phase of the pulmonary vascular response to hypoxia. 

Vv'ill, J. A .. Keith, I M ., Buckner, C. K., Chacko, J., Olson, E. B., Jr., and Weir E 

K 

In: Becker, K. L. and Gazdar, A F. (eds.): The Endocrine Lung in Health & Disease, 
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VASCULAR PROTEIN LEAKAGE IN VARIOUS TISSUES INDUCED BY 
SUBSTANCE P, CAPSAICIN, BRADYKININ, SEROTONIN, HISTAMINE 
AND BY ANTIGEN CHALLENGE 

In the work reported here: (1) Plasma extravasation was induced in rats or guinea 
pigs by intravenous injections of 1. substance. P(SP)i 2. the C-terminal SP-hexapeptide 
SP(6-11), 3. serotonin (5-HTR 4. histamine, ; 5. bradykinin, 6 capsaiciniand 7. by- 
antigen challenge. (2) Plasma extravasation induced by SP, SP(641), by 5-HT and by 
capsaicin w as:, w ith few exceptions, observed in the same tissues, The effect of SP was 
not blocked by H; and H : histamine receptor antagonists. The effect of i.v: capsaicin 
was absent in capsaicin desensitized animals. Plasma extravasation! uponi i.v. SP,, 
SP(6-11). 5-HT and capsaicin was seen in the skin and in all organs containing mucus 
membranes except the intestihali mucosa,and (3) Plksma extravasation by histamine, 
bradykinin, andiantigen,challenge of sensitized guinea pigs was also observed in the 
stomach and intestine; Plasma extravasation and bronchoconstriction by antigen chal¬ 
lenge with 20 pg/kg ovalbumin was completely blbcked by combined H, andi H ; 
histamine receptor blockade . Both responses w ere reduced to about the half capsaicin 
desensitized guinea pigs, thougbthe reduction of the permeability response w as statis¬ 
tically not significant in all organs. Ini conclusion, several substances including 
anaphylaxis induce protein leakage in many tissues with differing selective distribution 
patterns. Anaphylactic histamine release leads to protein leakage partly, via activation 
of 1 sensory neurons. SP is, a likely mediator of neurogenic protein leakage in many 
organs. 

Saria, A., Lundberg, J. A/.., Skofitsch, G., and Lembeck, F. 
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SUBSTANCE P AND CAPSAICIN-INDUCED CONTRACTION OF HUMAN 
BRONCHI 

In the present study the effects of substance P (SP) and capsaicin on human 
bronchial smooth muscle tone were monitored in vitro. Results showed that SP induced 
a dose-dependent contraction of human segmental bronchi in vitro with a threshold 
dose of about 10 fc M These preparations were obtained from patients undergoing lung 
tumor surgery. The SP-induced contractions were resistant to mepyramine and atro¬ 
pine, suggesting a direct effect on the bronchial smooth muscle. Capsaicin (10 ? M) also 
induced a slbwly developing, strong atropine-resistant contraction of human bronchiim 
vitro. A rapid tachyphylaxis developed for the response to capsaicin. Both SP and 
capsaicin were less potent than acetylcholine and histamine in inducing contractions of 
human bronchi This finding may, however, be partly due to the experimental condi¬ 
tions; both SP and capsaicin were comparatively much more potent in guinea-pig 
preparations . Transmural field stimulation of the bronchial preparations in man re¬ 
sulted in contractions that w'ere largely sensitive to atropine. The presence of cap¬ 
saicin-induced bronchia] contractions, however,, indicates the existence of a local 
noncholinergic axon-reflex control of bronchial smooth; muscle tone by SP in man. 

Lundberg . J.M., Mauling, G-R. and Saria, A. 

Acta Physiologica Scandinavica 119:49-53, 1983. 
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EFFECTS AND DISTRIBUTION OF VAGAL CAPSAICIN-SENSITIVE 
SUBSTANCE P NEURONS WITH SPECIAL REFERENCE TO THE 
TRACHEA AND LUNGS 

The origin of substance P (SP)-immunoreactive neurons in the lower respiratory 
tract , .esophagus and heart ofguineaipigs was demonstrated in some of these studies by 
surgical denervation or capsaicin pretreatment'w ith subsequent determination of the 
tissued levels of SP by radioimmunoassay. In other experiments the effect of vagal 
nerve stimulation'on the SP levels in these tissues was studied' The effects of cap- 
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saicin-sensitive afferents in the respiratory: tract mucosa and bronchial smooth muscle 
w as also studied!by analysis of vascular permeability to. Evans-blue: andonsuffiation- 
pressune changes, The present data indicate that:all SP nerves in the tracheaiand Ibng 
are afferent and capsaicin sensitive. The trachea and stem bronchi receive SP afferent 
mainly, fromithe right vagus nerve w ith cell bodies; 1 heated in bothi the nodose and 
jugular ganglia. The SP innervation of the Ibng seems to Have a dual origin: I. Afferents 
from bothi vagal nerves with a crossed type of innervation pattemt 2 .A non-vagal i 
source which consistsof about 409P of the SP nerves in the lung. These nerves probably 
originate fromithoracic spinal ganglia. The effects of ether and capsaicin on insuffla¬ 
tion pressure and increase in vascular permeability w ; ere dependent on the integrity of 
capsaicin-sensitive afferents of both; vagal and non-vagal origin: In the guinea: pig, 
systemic capsaicin pretreatment to adult animals seemed to result in irreversible 
changes inithe respiratory tract, w hile in the rat a successive recovery of the functional 
response of capsaicin-sensitive afferents occurred: 

Lundberg. J. M , Brodin, E and Sari a, A. 

A eta Physioiog tea 1 ScandinavicaU9.243-252, 1983:. 

Other support: Swedish Medical Research. Council, Swedishi Tobacco: Company, 
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EFFECT OF ROUTE OF ATROPINE DELIVERY ON BRONCHOSPASM 
FROM COLD AIR AND METHACHOLINE 

The authors undertook a study to determine whether the apparent: disparity be¬ 
tween the dose of inhaled atropine requiredito inhibit:bronchoconstrietion induced by 
inhalbd methacholine and the dose required to inhibit the bronchoconstrictiomindueed 
by eucapnie hyperpnea w ith cold air is a function of the route of administration of 
atropine . In six subjects w ithiasthma^ they constructed dose-response curves to inhaled 
methacholine and to: eucapnie hyperpnea with cold air after treatment w ith'inhaled 
atropine (0.5 mg delivered) and intravenous placebo; with inhaled placebo and intra¬ 
venous atropine (0.5 mg injected), and with inhaled and intravenous.placebos Atro¬ 
pine bv either route shifted the dose-response curves to both cold air and to methacho- 
iine to the right. In every subject,,however, inhaled atropine caused a markedly greater 
rightward shift of the inhaled methacholine dose-response curve than did intravenous, 
atropine,, whereas inhaled and intravenous atropine had similar effects on the cold air 
dose-response curve. These findings suggest that the apparent disparity between the 
doses of atropine required toiinhibit methacholine- andicold air-induced bronchocom 
striction may be a function of the route of administratiomof atropine and thus does not 
imply a nonmuscarinic action of atropine . These findings support the view that cold air 
causes bronchoconstriction via muscarinic pathways. 

Sheppard, D , Epstein,,J., Holtzmen, M. l.,Nndel, J. A., and Boushey; H A 

Journal'of Applied Physiology: Respirat. Environ, Exercise Physiol. 54(:l)il30-133, 
1983 
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CHARACTERIZATION OF BETA ADRENOCEPTOR SUBTYPES IN CANINE 
AIRWAY SMOOTH MUSCLE BY RADIOLIGAND BINDING AND' 
PHYSIOLOGICAL RESPONSES 

These researchers have investigated tracheal smooth muscle of the dog and have 
used 1'H] DHA to study the characteristics.of receptors in homogenates of this 
tissue: Forcomparison, they also studied in-vitro beta adrenergic responses in the same 
tissue using both exogenous-tor; agonists and electrical 1 stimulation of sympathetic 
nerves. Specifically, beta adrenoceptor subtypes in canine tracheal smoothi muscle 
have been investigated by radioligand binding and by physiological responses to beta 
agonists and sympathetic nerve stimulation in vitro , Specific binding of f H] dihy- 
droalprenolo] to tracheal smooth muscie membranes was of high affinity'OK* = II.0 ± 
0.08 nM|, as lmperipheraMung membranesTrom the same animals, bun the concentra¬ 
tion of binding sites (95.6 ± 4.7 fmoLrng of protein) was much lower in lung (532 ± 
48 fmol of protein). Binding was stereoselective and agonists competed w.ith the rank 
order of potency isoproterenol >epinephrine>norepinephrine, signifying a preponder¬ 
ance of] beta-2 receptors. Using selective beta antagonists, the researchers determined 
the ratio of betaAibetarl receptors;in tracheal smooth muscle membranes to be 1:4. 
These and other related results suggestithat most beta receptors in dog tracheal smooth 
muscle are of the tow-2.subtype and mediate responses to circulating catecholamines,, 
but there is a small concentration of beta 1 - 11 receptors that mediate the response to 
neurally released norepinephrine. 

Barnes, P J , Nadeh J A., Skoogh. B-E., andiRoberts, J. M. 

The Journal of Pharmacology. and Experimental Therapeutics 225(2> :45 6 -461, 1983. 
Other support: National Institutes.of Health. 
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SELECTIVE GENERATION OF LEUKOTRIENE B 4 BY TRACHEAL 
EPITHELIAL CELLS FROM DOGS 

Infiltration by neutrophils.is a predominant histologic feature of acute inflamma¬ 
tory responses impulmonary airways. The recent demonstration that neutrophilinfiltrar 
tion was localized predominantly, to the epithelial layer of the airway, wall in dogs 
breathing ozone suggestedithalcritical.infiammatory mediators were released from the 
epithelial cellk. In the work reported here, the incubation of suspensions of canine 
tracheal epithelial cells of greater than 959F. purity with arachidonic acid (25-200 \xgT 
ml) for 60 x 120 min resulted in the generation of a maximum of 36.2 ± 9.1 picomolesof 
Jeukotricne B 4 /1(T cells, less than 2.0 picomoles of leukotrienes C 4 , D 4 , and E 4 /10 fc 
cells, and'1030 ± 463, 767 ± 500' and 324 ± 1 (X) picomoles' 10*cells of 15-, 12-, and 
5-hydroxy,-eicosatetraenoic acids, respectively.(mean ± SEM, n - 8), The identity of 
Ieukotriene B 4 wasestablished by chromatographic and spectral'properties,,by reactlvi- 
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Thus, the epitheliumimay be an important'source of mediators of inflammation and 
hypersensitivity, of pulmonary; airways. 

Holtzman. M. J.., Aizawa, H., Nude!, J. A., and Goetz]' E. J. 

Biochemical and Biophysical Research Communications I14(3f,:1071 -1076; 1983. 
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IMPORTANCE OF AIRWAY INFLAMMATION FOR 
HYPERRESPONSIVENESS INDUCED BY OZONE 

As summarized in this paper, the authors studied w hether ozone-induced airway 
hyperresponsiveness: correlateswiththe development of airw ay inflammation in dogs . 
To assess airway responsiveness,,the researchers detennined increases in pulmonary’ 
resistance produced by, delivering acetylcholine aerosol to the airways. To' assess 
airway inflammations they biopsied the airway mucosa and counted the number of 
neutrophils presentlin the epithelium Airway responsiveness and inflammation w’ere 
assessed'in anesthesizedidogs before ozone exposure and lih andd wk after ozone (2.1 
ppm. 2 hi).,Airway responsiveness increased markedly at 1 hiafter ozone and returned to 
control levels 1 wk Ihten ineach of 6 dogs, but responsiveness did not change after 
ozone in another 4 dogs. Furthermore, dogs that became hyperresponsive also devel¬ 
oped a marked and reversible increase inithe number of neutrophils imthe epithelium , 
whereas dogs that did not. become hyperresponsive had no change in the number of 
neutrophils.,For the group of dogs, the level of airw ay responsiveness before and after 
ozone exposure correlated' closely withi the number of epithelial! neutrophils. The 
results suggest that ozone-induced airway hyperresponsiveness may depend'on the 
development of amacute inflammatory response in the airways, 

Holtzman, Mi J., Fabbru L M , O Byme, P M.,,Goldl B. D., Aizawa, H., Walters, 
E, Hi, Alpert,,S. E.. andiAWe/i, J. A. 

American Review of Respiratory Disease 127 :686-690 , 1983. 

Other support: National Heart, Lung and Blood Institute, Fisons Corporation and the 
California Air Resources Board. 

From the Cardiovascular Research Institute and Department of Medicine, University 
of California, San Francisco. 


AUTORADIOGRAPHIC LOCALIZATION'OF AUTONOMIC RECEPTORS IN' 
AIRWAY SMOOTH MUSCLE 

Using experimental! conditions that proved to be optimal for specific receptor 
binding, these investigators have studied the distribution of alpha-adrenergic, beta- 
adrenergic and muscarinic receptors; in smooth muscle of airways from trachea; to 
terminal bronchioles. Autoradiographic methods were used to determine the distribu^ 
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tion of autonomic receptors in airway smooth muscle of ferret from trachea to terminal 1 
bronchioles;;[fW] dihydroalprenolol, [ H] prazosin,,and 1 [ H] quinuclidiny] benzilate 
were used to label beta-adrenergic, alphat-adrenengic. and muscarinic receptors, re¬ 
spectively, using experimental,conditions that gave maximal specific receptor binding. 
Marked differences were found in the longitudinal distribution of each receptor and in 
distribution of the various receptors in each caliber airway. Beta-receptors were 
present in high density throughout the airways, with the highest density in bronchioles. 
Alpha-receptors were sparse in large airways but numerous in small bronchioles, 
whereas cholinergic receptors: were numerous in bronchial smooth muscte, sparse in 
proximal bronchioles and almost.absent from distal bronchioles. This method may be 
useful! in studying alterations, of autonomic receptor: distribution; in small and Ihrge 
airways after experimental manipulation and imdisease. 

Barnes, P. J., Basbaum, C B and'AM/, J A. 

American Review of Respiratory Disease 127:758^762; 1983: 

Other support: National Institutes.of Health. 
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ANTIHISTAMINIC VERSUS ANTICHOLINERGIC EFFECTS OF ATROPINE 
ON CANINE TRACHEALIS MUSCLE 

The purpose of this-study was to reexamine the antihistaminic and anticholinergic 
effects of atropine in experiments designed to eliminate possible problems. To deter¬ 
mine antihistaminic versus anticholinergic effects of]atropine in airway smooth mus¬ 
cle, the investigators used an in vitro preparationiof canine trachealis muscle strips and 
determined atropine's: effect on contractile responses induced by histamine or by 
electrical field stimulation of cholinergic nerves. In the first senes of experiments, 53 
stnps had initial responses to> field stimulation determined andiwere then randomly 
assigned to. a control group or to a group treated with atropine before field stimulation 
was repeated and histamine was given. Atropine in concentrations of 10*, 10', and 10* 
M decreased 1 the response to field stimulation to 61.4, 10:5 andi0% of the initial 
response, respectively, but had no effect on the responses to histamine. In the second 
series of experiments, 24 strips were treated with mdomethacin to prevent histamine 
tachyphylkxis; these strips had initial I responses to both field stimulation and histamine 
determined and were then assigned to aicontrol group or toa group treated w ith atropine 
before field stimulation and histamine were repeated. In these experiments* a concen¬ 
tration! of atropine (10* M), which again completely blocked the response to field 
stimulation, still had no effect oni histamine-induced contraction. The researchers 
conclude that atropine tn a concentration that completely, blocks the response to cho¬ 
linergic nerve stimulation has no antihistaminic effect. 

Skoogh t ,B.-E., Model, J. A., Fabbri, L. M., Sheppard, D., and Holtzman, M. J. 

American Review of Respiratory Disease 128:603-608, 1983. 
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TIMF COURSE OF AIRWAY HYPERRESPONSIVENESS INDUCED BY 
OZONE IN DOGS 

In the present study, the authors, examinedl the time course of ozone-induced 
hyperresponsiveness in anesthetized dogs. To do this, they assessed! airway respon¬ 
siveness before ozone exposure and then at I h J day, and fiwk after ozone exposure. 
To assess.responsiveness, the researchers anesthetized the dogs and obtained dose- 
response curves of increasing concentrations of acetylcholine or histamine aerosols 
delivered to the airways vs, pulmonary resistance: Ozone exposures were carried out 
with the dogs awake and at rest in an,exposure cHamber for 2 h breathing either through 
the nose and mouth at a level of 2.2 ppm or through a tracheostomy at a lfevel of 10 
ppm: For both acetylcholine and histamine and for both routes of ozone delivery, 
airw ay responsiveness increased,most markedly at 1 h after ozone, increased to a lesser 
degree 1-dby. later and retumed to control levels by 1 wk. The results are similar to the 
authors' previous studies in humans that showed that ozone-induced Hyperresponsive¬ 
ness occurs shortly after exposure and is rapidly reversible andlsuggest that the ozone 
eflectiis linked to>an,acute inflammatory response in the airways. 

Holtzman. M. J., Fabbri, L. M., Skoogh, B.-E., O'Bryne. P. M , Walters E H 
Aizawa: H.. and Nadel. J. A. 

Journal of Applied Physiology: Respirat. Environ : Exercise Physiol.. 55(41:1232-1236, 


Other support: National Heart, Lung and Bloodlinstitute and the Fisons Corporation. 

From the Cardiovascular Research Institute and the Departments of Medicine and 
Physiology, University, California, San Francisco. 

NEURAL CONTROL OF AIRWAY SUBMUCOSAL GLAND SECRETION 

Major advances have occurred recently, in the understanding of the processes of 
3 u u- secret ‘ on ’^ ue in'large part to the application of modem techniques of anatomy, 
cell biology, physiology, biochemistry, and pharmacology. This report notes that 
airway submucosal glands occupy a substantial volume of the large conducting airwavs. 
and are regulated,by vagallmuscarinic nerves, alpha- and beta-adrenergic nerves and 
nonadfenergic noncholinergic nerves, Vagal nerves modulate various reflexes’that 
increase gland secretion by stimulating release of granules from mucous and serous 
cells, Stimulated secretions are unaltered from baseline in biochemical and viscoelasr 
tic properties Beta-adrenergic stimulation releases secretions containing relatively 
little fluid: high concentrations of protein and sulfur, low concentrations of lysozyme 
and higher viscosity and lower elasticity, and selective! v depletes mucous cells Alpha- 
adrenergic stimulation causes high fluid flows with,low protein,and sulfur concentra¬ 
tions, high lysozyme concentrations and low apparent viscosity, and selectively de¬ 
pletes granules from serous cells. Nonadrenergic noncholinergic nerves also stimulate 
mucin secretion: probably by releasing vasoactive intestinal peptide. 

Nadel, J. A 

European Journal of Respiratory Disease 64(supp] 128>:322-326. 1983. 

Other support: U S. Public Health Service, Vick Division,Research, Inc and'the 
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NEUROPEPTIDE TYROSINE (NPY); A NEWLY DISCOVERED PEPTIDE IS 
PRESENT IN THE MAMMALIAN:RESPIRATORY TRACT 

Neuropeptide tyrosine (NPY), a newly discovered'peptide known to modulhte 
blbod vessel diameter andismooth:muscle tone, has been found in many mammalian 
organs. Its distribution is similar to that of sympathetic nerve fibers and NPY immuno- 
reactivity has been found in noradrenergic ganglion cells. In a study of the respiratory' 
tract of four mammalian species — man, cat, guinea pig, and rat — NPY immunoreac- 
tivity has been localized to nerve fibers. NPY immunoreactive nerve fibers w ere found 
in ithe adventitia of blood vessels and'in the airway smooth muscle. Its distribution was 
strikingly similar to that of sympathetic nerve fibers as demonstrated by dopamine-P- 
hydroxylase antibodies. The mean (SD) concentrations of NPY in the guinea pig 
respiratory tract, as determined by radioimmunoassay of tissue extracts, were: upper 
trachea 3.3 (0.7), lower trachea 2.0H(XS); and major bronchus 3.5 (ji.I) pmol/g. 
During developmental studies in man, NPY immunoreactive nerve fibers were first 
observed at 20weeks 1 gestation in the trachea, and ftbers gradually extended down into 
the intrapulmonary airways after birth. NPY immunoreactive nerve fibers have a 
distribution and developmental pattemisimilar to that of sympathetic nerve fibers imthe 
respiratory tract. The finding of NPY immunoreacUvity in nerve fibers inuhe mamma¬ 
lian respiratory tract adds to the growing number of peptides having potent biological 
actions found imthis organ, andlshows that the lung possesses a rich peptidergic system 
that may influence pulmonary function. 

Sheppardl M. N., Pblak , J. M., Allen, J. M. and Bloom,S. R. 

Thorax 39:326-330. 1984. 

From the Departments of Histochemistry' and Medicine, Royal 1 Postgraduate Medical 
School, Hammersmith Hospital, London, England. 


TWO PROTEINASE INHIBITORS ASSOCIATED WITH PERITONEAL 
MACROPHAGES 

In this study , the investigatorsdocument and characterize two proteinase inhibi¬ 
tors associated with guinea pig pednoneal macrophages, Results,show’ that inhibition is 
dose-dependent, lost on heating and detecteddn the presence of excess albumin. On 
incubation of macrophage culture medium with i: T-elastase, : two complexes of 
M, = 78,000 and 66,000 are generated which are stable to heating in sodiumidodecyd 
sulfate, indicating covalent association. ‘-T-Trypsin forms two complexes of similar 
molecular weight, and cross-inhibition experiments demonstrated! that'elastase and 
try psin interact with the same two macrophage inhibitors. For comparison, elastase 
inhibitors in guinea pig plasma and cell-free peritoneal fluid were also examined. In 
summary;, the inhibitor which forms the M, = 66,000 complex with '~T-elasta$e has 
been tentatively named MPI (macrophage proteinase inhibitor)..MPI can be obtained 
tree of aPI by culturing macrophages,for 1 h. a,PI is released into the medium during 
the 1st h of culture and thereafter is no longer detectable on intact macrophages, in 
subsequent culture media or in cell lysates. These findings suggesHhat plasma.a,pi is. 
present in peritoneal fluid in high concentrations and is absorbed 1 onto or into macro¬ 
phages. MPI, on the other hand,, appears to: be a macrophage product, since it is 
secreted by macrophages,after I or 17 h in culture and is,present in lysates of macro¬ 
phages precultured for 1 or 17 h. 
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in vivo. Hyperoxia also' stimulated cultured rabbit. AM to release chemotaxins for 
polymorphonuclear leukocytes (PMN):that were similar in molecular weight to che¬ 
motaxins obtained from lung lavages of rabbit exposed to hyperoxia in W vo. These 
results suggest that alveolar macrophage secretory products may play a physiologically 
relevant role in recruitment of PMN to the lungs in pulmonary oxygen toxicity... 

Harada, R. N., Vatter, A. E. and Repine, J. E 

Journal of 'Leukocyte Biology 35:373^383', 1984'. 

Other support: American Hean Association, American Lung Association, National 
Institutes of Health: and the Kroc, Hill, Swan and Kleberg Foundations. 
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INTACT HUMAN ERYTHROCYTES PREVENT HYDROGEN 
PEROXIDE-MEDIATED DAMAGE TO ISOLATED PERFUSED RAT LUNGS 
AND CULTURED BOVINE PULMONARY ARTERY ENDOTHELIAL CELLS 

Acute edematous lung injury', such as that seen in the adult respiratory distress 
syndrome (ARDS), is animportant clinical'problem whose pathophysiology is poorly 
defined. However, recent evidence suggests that toxic oxygen metabolites may con¬ 
tribute to endothelial I cell injury: andiacute edematous lung injury. In this study, addi¬ 
tion of untreated or glutaraldehyde-fixed human erythrocytes decreased hydrogen 
peroxide (H O : )-medlated acute edematous injury in isolated rat lungs, H : 0 : -induced 
damage to.cultured bovine pulmonary' artery: endothelial cells, and H : 0 : -dependent 
oxidation of reduced cytochrome C in vitro. RBC scav enging of H : CX appeared to be 
dependention intracellular glutathione and/or catalase activities. The results suggest 
that' intact erythrocytes cam scavenge H ; 0 : and, as; a result, protect the lung and 
possibly other tissues from damage. 

Toth. K. M.„ Clifford, D. P:, Berger, E. M., White, C. W , and Repine, J E. 
Journal ofClinical Investigation 74:292-295, 1984. 

Other support: National Institutes of Health, American Heart Association, American 
Lung Association, and the Swan, Hill, Kleberg,,and R. Jt Reynolds Foundations. 

From the Departments of Medicine and Pediatrics, and the Webb-Waring Lung Insti¬ 
tute, University of Colorado Medical Center, Denver. 


OXYGEN METABOLITES STIMULATE THROMBOXANE PRODUCTION 
AND VASOCONSTRICTION IN ISOLATED SALINE-PERFUSED RABBIT 
LUNGS 

Generationiof reactive oxygen metabolites, thromboxane increases and vasocon¬ 
striction have been implicated in the pathogenesis of acute edematous lung injury, such 
as that seen in patients.with the Adult Respiratory Distress Syndrome (ARDS), but! 
their interactions are unknown. The investigators hypothesized that reactive Ovprod¬ 
ucts would stimulate arachidonic acid metabolism in lungs anduhat vasoactive prod¬ 
ucts of araehidonate, such as the potent vasoconstrictor thromboxane A 2 , might then 
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mediate 0 : -metaboIite-induced pulmonary vasoconstriction. They found that O 
metabolitcs generated by injection of punne plus xanthine oxidase caused increases im 
mean pulmonary artery perfusion pressure (27±4mmHg)iin isolated perfused lungs. Ih 
addition , purine plus xanthine oxidase also caused 30To!ti increases in perfusate levels 
of thromboxane B : (the stable metabolite of thromboxane A 2 ) compared with only two* 
fold'increases in 6 keto-PGF,. (the stable metabolite of prostacylln). Moreover, prior 
additioniof catalase inhibited both vasoconstriction and the thromboxane B ; production 
seen in isolated lungs follow ing injection of purine plus xanthine oxidkse. Similarly,,, 
pretreatment with cyclboxygenase inhibitors, either aspirin or indomethacin, also 
completely blocked thromboxane generation! and markedly attenuated pressor re¬ 
sponses: usually seen after punne plus: xanthine oxidase,. Furthermore,, imidazolb, a 
thromboxane synthetase inhibitor, also decreased Ck-metabolite-induced thromboxane 
generation and vasoconstriction. These results suggested that thromboxane generation 
might participate in 0 : -metabolite-induced vasoconstriction. However, since a signi¬ 
ficant correlation between thromboxane levels and the degree of vasoconstriction could 
not:be demonstrated, and since addition of superoxide dismutase reduced! thrombox- 
ance but did not affect the intensity of vasoconstriction, it is possible thaMhromhoxane 
is noti the only vasoactive mediator in this model. The researchers conclude that 
exposing lungs,to 0\ metabolites: results in thromboxane generation and thatithrombox¬ 
ane is a major mediator of oxidant-induced vasoconstriction l 

Tate, R M.., Morris, H. G., Schroeder, W. R. and Repine ; J. E. 

Journal of. Clinical Investigation 74i608-613,.1984. 

Other support: American Heart: Association of, Wyoming, National Institutes of 
Health, and'the Swan. Hill, Kleberg. Roche, Thrombrands and Proctor and Gamble 
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From: W-ebb+Waring- Lung Institute, and Departments of Medicine and Pediatrics, 
University of Colorado Health Science Center, Denver. 


BRONCHIAL LAVAGE PROTEINS AS CORRELATES OF 
HISTOPATHOLOGIC AIRWAY CHANGES IN HEALTHY SMOKERS AND 
PATIENTS WITH PULMONARY CARCINOMA 

Cigarette smoking is known to be an important etiolbgic tact or in several lung 
diseases; however, the number of smokers who develop these diseases represents a 
small segment of the smoking population. It is possible that evidence of inhalation- 
induced injury to bronchial epithelial cells of smokers w ill be reflected in the proteina¬ 
ceous products of these cells, thereby identifying a high-risk subgroup. The investiga¬ 
tions have tested this hypothesis by analysis of 2 proteins,,free secretory- component 
(FSC) and the keratins, in lavage fluids obtained from 4 groups of subjects: 30 normal 
nonsmokers, 15 asymptomatic smokers, 22 symptomatic smokers and 40 carcinoma 
patients. Among symptomatic smokers, FSC relative to total proteini(FSC/TP) was 
depressed compared w ith that in nonsmokers and asymptomatic smokers. The keratins 
were detected only in symptomatic smokers and correlated w ith pack/years of smok¬ 
ing history. (p = 0:017)! Carcinoma patients,had depressed FSC/TP and detectable 
keratin (33 of 38 patients studied). Lung sections from carcinoma patients studied 
immunohistochemicaliy revealed an apparent inverse relationship betweenitissue FSC 
and keratins. This inverse relationship was home out by analysis,of theseproteins in the 
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lavage fluid of cancer patients (r = -0.4 1 , p = 0.04). Thus^ in cancer patients, 
immunohisttxrhemical evidence of airway injury', correlates with bronehial lavage lev¬ 
els of mucosafepithelial cell proteins. It is possible that smokers with altered levelsof 
these proteins may be the ones at increased 1 risk of smoking-associated lung disease: 

Merrill, W. W . Banvick, K. W , Nladn. J., Strober, W., Matthav, R. A Gl- 
chowskill J , Naegel, G., and Reynolds, H Y. 

American Review of Respiratory Disease 130(51:905-909, 1984:. 

Other support :'National Heart, Lung and Blood Institute and the American Cancer 
Society. 

From the Pulmonary Section, Department of Medicine, Veterans Administration Med¬ 
ical Center, West Haven, the Pulmonary Sections. Department of Medicine and Depart¬ 
ment of Pathology, Yale University School of Medicine. New Haven, CT; and the 
Clinical Immunology Section, National!Cancer Institute, Bethesdai MD. 


EL AST] N, PRODUCTION BY CULTURED CALF PULMONARY ARTERY 
ENDOTHELIAL CELLS 

The apposition of endothelium tm elastic fibers, in large arteries and in the gas 
exchange regions of the lung suggests that endothelial cells have the capacity, to 
synthesize elastin, the integral component of the elastic fiber. Ih this report, the authors 
show that endothelial cells isolatedifrorn calf pulmonary artery; synthesize tropoelastin: 
under appropriate culture conditions. This w as demonstrated by radioimmunoassay for 
soluble elastin. by immunoprecipitation of a tropoelastin-Iike product from cell culture 
medium!, and by im mu no fluorescent microscopy utilizing antielastin IgGi Results 
indicate that endothelial celli tropoelastin shows many similarities with tropoelastin 
synthesized by other bovine cell types, including consignation on: SDS-PAGE with 
tropoelastin fromifibroblasts, chondroblasts, and smooth muscle cells as a single-chain 
proteim with an apparent molecular weight of approximately 70:000. In.addition,, the 
cross-reactivity of tropoelastins from:endothelial cells, smooth muscle cellVand ear 
chondroblasts with antiserum to ligament elastin indicates close homology between 
primary elastumgene products in the various elastin-secreting cell types These results: 
provide compelling evidence that cultured'bovine aorta endotheliafcells produce elas¬ 
tin whem cultured in medium conditioned by smooth muscle cells, and suggest a 
possible role for smooth muscle cells in the regulation of elastin production by endo¬ 
thelial'cells 

Mecham, R. P., Madaras, J., McDonald:. J. A., and Ryan, U, 

Journal of Cellular Physiology. 116:282-288, 1983. 
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ENDOTHELIAL CELLS AND INFLAMMATION 
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these animals contained substantial labeling. Autoradiographs of 1 ting from rats in¬ 
jected w.ithiDHA demonstrated labeling which was well localized over alveolar septa 
and'concentrated over the cytoplbsmioftypcll cells. Quantitative analysis oflabeling: 
in the DHA.groups indicated a significant reduction of labeling in animals treated w ith 
L-isoproterenoli prior to DHA, in both the alveolar parenchyma in general and over 
type II cells. The results of this study provide morphologic evidence for the uptake and 
specific binding of ^-adrenergic antagonists by, the adult lung in vivo, while failing to 
demonstrate similarbinding ofia muscarinic probe. In addition, the results demonstrate 
specific adrenergic receptors on type Ilm .vivo andisubstantiate the view of a direct 
effect of P-adrenergic agonists on alveolar type I1 cellL 

Smith, D M andiSidhu, N K 

Life Sciences 34(i6):519-527., 1984. 
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HOW PHAGOCYTIC LEUKOCYTES MOVE 

As this paper notes, a regulated, coordinated movement of the cytoplhsmi is 
essential for the function of phagocytes. Ih these cells, as in muscle cells, the power 
unit for movement: consists of the contractile proteins,; actin and myosin, which are 
concentrated in the region of the cell cortex. Inithe peripheral cytoplasm^ actin fibers 
may be in a fluid state or they may form a gel netw ork by association with a homodi- 
meric, actin-binding protein. The reversible transformation of the cytoplasm from gel 
to sol is mediated by a regulatory protein called gelkolin which, when activated by 
micro molar concentrations of Ca : \ causes shortening of actin fibers, leading to disin¬ 
tegration ofi the gelmetwork. This gel network reforms if the Ca" concentration falls 
below the threshold value for the activation of gelsolin. Ca , acting via gelsolin, is a 
second component in this systems it controls.the order ofi events thatstart on the plasma 
membrane of the phagwyte in response to astimulus k and thatiarc thenimaintained'by 
aniappropriate reaction ofithe contractile unit. It is to be expectedithatithe elucidation of 
the molecular mechanisms that release and regulate the movement of cytoplasm in the 
cell'wilfpermit an understanding ofi factors that interfere with leukoevte function. 

Hartwig, J H , Yin.,H. L, and Stossel, T. P. 

Journal of Clinical Chcmislry and'CUnwal-Biochemistry 21 (9):535-544:, 1983. 
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ISOLATION AND SOME STRUCTURAL AND FUNCTIONAL PROPERTIES 
OF MACROPHAGE TROPOMYOSIN 
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Tropomyosin purifiedifrom rabbit lung macrophages is very' similar in structure to 
other nonmuscle cell! tropomyosins. Reduced and denatured, the protein has two 
polypeptides which migrate during electrophoresis in sodium dodecyl sulfate on 
polyacrylamide gels with slightly different'mobilities corresponding to apparent M/s. 
of about 30,000. Follow ing cross-linking by air oxidation in'the presence of CuCh, 
electrophoresis undfer nonrediicing conditions reveals a single polypeptide of H 
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60;000; Macrophage tropomyosin Has an isoelectric point of 4.6 and an amino acid : 
composition similar to other tropomyosins. It contains one cysteine residue per chain. 
Imthe electron microscope, macrophage tropomyosin molecules rotary shadowed with 
platinum andicarhon are sltmder, straight rods ,*33 nm in length. Macrophage tropo¬ 
myosin^ paracrystals grown in high magnesium concentrations have an axiallperiodic- 
ity of 34 nm Om the basis, of yieldfc from purification and from two-dimensional 
electrophoretic analyses of macrophage extracts, tropomyosin comprises less than 
0.29f of the total macrophage protein, a molar ratio of approximately 1 tropomyosin 
molecule to 75 actin monomers in the cell. Macrophage tropomyosin binds to "actin 
filaments Macrophage, skeletal muscle and other nonmuscle cell tropomyosins inhibit 
the fragmentation of actin i filaments by the Ca ' -gel sol in complex. The finding implies 
that tropomyosin may have a role in stabilizing actin filkments in vivo. 

Fattoum. A.. Hartwig. J H. and\Stossel\ T. P. 

Biochemistry 22(5): 1187-1193, 1983. 
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THREE-DIMENSIONAL STRUCTURE OF ACTIN’ FILAMENTS AND OF AN 
ACTINIGEL MADE WITH ACTIN-BINDING PROTEIN 

This paper describes four properties for purified actin filaments and for actin 
assembled in the presence of macrophage actin-binding protein. To do this, purified 
muscle actin and; mixtures of actin and actin-binding protein were examined in the 
transmission electrommicroscope after fixation, critical point drying and rotary shad¬ 
owing. The three-dimensional I structure of the protein assemblies was analyzed by a 
computer-assisted graphic analysis applicable to generalized filament networks. This 
analysis yielded information concerning the frequency of filament intersections, the 
filament length: between these intersections, the angle at which filaments branch at 
these intersections, and the concentration* of filaments, within a defined volume. 
Purified actin at a concentration of 1 mg'ml assembled into a:uniform mass of long 
filaments whichioverlap at random angles between 0 and 90; Actin in the presence of 
macrophage actin-binding protein assembled into short,.straight filaments,.organized 
in a perpendicular branching network. The distance between branch points was in¬ 
versely related to.the molar ratio of actin-binding protein to actin. This distance was 
what would be predicted if actin filaments grew at right angles off nucleation sites on 
the two ends of actin-binding protein dimers and then annealed. The results suggest 
that actin' in combination w ith actin-binding protein self-assembles: to form a three- 
dimensional network resembling the peripheral!cytoskeleton of motile cells. 

Niedferman. R , Amrein, P C., and Hartwig, J (Stossel, T P.) 

The Journal of Cell Biolhgy 96:1400-1413, 1983. 
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ISOLATION OF ACTIN-BINDING PROTEIN AND VILLIN FROM 
TOAD OOCYTES 

Two actin-modulating proteins have been purified fromi toad oocytes, A high- 
molecular weight proteim similar in structure and function to macrophage actin-bind- 
ing protein, accounts for the isotropic actin-crosslinking activity in,oocyte homoge¬ 
nates. A calcium-dependent activity in toad oocyte homogenates which shortens actin 
filaments is accounted for by a 95,000-dalton protein which resembles villin, an actin- 
severing and -bundling protein of avian epithelial brush borders . Ini the presence of 
high (i^pM) : calcium, this protein shortens actin filaments,in a coneentratiomdepen- 
dent fashion andistimulates filament assembly when added to monomeric actin. In the 
absence of calbium, the protein promotes the formation of actin filament bundles. 
Therefore, in the toad oocyte actin can be crosslinked into a network of aetin-binding 
protein. Calcium regulation of the actin network may be mediated by villin These 
results,are different from those reported in echinoderm eggs. 

Corwin, HI L. and Hart wig, J. H (Stossci, T. P.) 

Developmental Biology 99:61-74, 1983. 
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Foundation. 

From the Hematology-Oncology and Renal Units. Harvard Medical School, Depart¬ 
ment of Medicine, Massachusetts General Hospital, Boston. 


PHYSICAL BASIS OF THE RHEOLOGIC PROPERTIES OF F-ACTIN 

In the study reported here, the viscoelastic properties of purified rabbit skeletal 
muscle actin filaments (F-actin).were measured at physiologic ionic strength and pH 
over a range of concentrations and filament lengths. Although F-actin demonstrated 
transitory elastic behavior, viscous flow was observed at longer times consistent 1 with a; 
highsdegree of filament overlap'. The compliance was independent of stress over a 4- 
fold range, implying that the measurementidid not disrupt any interfilament “bonds." 
The dynamic storage modulus increased monotonically with frequency over the range 
measured, whereas the dynamic loss modulus had a relhtive minimum and was always 
less than the dynamic storage modulus. These observations are typical of topologically 
constrained behavior. The absolute value of the complex dynamic viscosity of F-actin,, 
vaned as the -0.8 power of the frequency and at a frequency of 0.1 raefians/s was 
proportional to the product: of the weight average filament length raised'to the 0:7 
power and the concentration. The experimental data agreed w ell withthe predictions of 
a theory of the rheologic behavior of stiff rods.in scmidilLite solutions. We conclude 
that!the mechanical behavior of pure F-actin solutions can be explained on the basis of 
the mutual topologic constraints to diffusioniof long stiffrods;which do not otherwise 
interact. 

Zaner, S. K. and Stossel, T. P 

The Journal of Biological Chemistry 258(18): 11004-31009, 1983 
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NEW MECHANISM-BASED SERINE PROTEASE INHIBITORS: INHIBITION 
OF HUMAN LEUKOCYTE ELASTASE, PORCINE PANCREATIC ELASTASE 
HUMAN LEUKOCYTE CATHEPSIN G, AND CHYMOTRYPSIN BY 
3-CHLOROISOCOUMARIN AND 3,3-DICHLOROPHTHALIDE 

Mechanism-based irreverisible inhibitors, which have been reported for porcine 
pancreatic (PP) elastase and bovine pancreatic chymotrypsin A, include halo enoll 
lactones and 6-chloropyrones. Human leukocyte (HL) elastase and cathepsin G are 
relatedi serine proteases w hich are involved ini the connective tissue destruction that 
occurs in emphysema and various inflammatory' diseases Bbth enzymes are inhibited 
reversibly by heterocyclic structures such as benzoxazinones and benzisothiazo- 
hnones, and this suggested that heterocycles containing masked reactive functionali¬ 
ties might act as mechanism-based'iirreversible inhibitors for HL elastase and cathepsin! 
G. Therefore, these authors prepared 3-chloroisocoumarin (3-chloroHH-2-benzo- 
pyran-l-one) (l)and 3,3-dichlorophthaIide (2)'and found them to be potent inhibitors of 
several serine proteases. In summary', evidence presented here indicates that 1 and 2 are 
mechanism-based irreversible inhibitors of serine proteases. These are the first demon¬ 
strated examples of enzyme-activated inhibitors ofiHL elastase and cathepsinG. These 
enzymes have been noted to be major contributors to eDstin destruction observed in 
emphysema. These inhibitors and similar structures may have considerable pharmaco¬ 
logic potential as inhibitors in-vivo. 

Harper, J. W., Henni, K. and Powers?J. € {Travis ^ J.) 

Journal of the American Chemical Society 105:6518-6520, 1983. 
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MAMMALIAN TISSUE TRYPSIN-LIKE ENZYMES: COMPARATIVE 
REACTIVITIES OF HUMAN LUNG TRYPTASE, AND BOVINE TRYPSIN 
WITO PEPTIDE 4-NJTROANIILIDE AND THIOESTER SUBSTRATES 

The subsite specificity, of human lung and skin tryptase (trypsin-like enzyme) has 
been studied at pH 7.5 using 17 amino acid andldipeptide thioester substrates and 14 
tnpeptide 4-nitroaniIide substrates* The reactivity and specificity of the humam tryp¬ 
tase s w/e re compared withi bovine trypsin and other trypsin-like enzymes. Neither 
tryptase was similar to either kallikrein or factor XII. (Hageman factor). The skin 
enzy me w-as the most reactive as measured by the specificity constant k,JK ¥ . The best 
substrate was benzyloxycarbonyKZj-Lys-Arg-S-CHiCHfCHjL which had a kJK M 
value of 59,000,000 M ! S Only a sing lb substrate, Z-Glu-Phe-Arg-4-mtroanilide,, 
was slightly more reactive with the lung tryptase. Both enzymes have extended sub¬ 
strate-binding sites and proline residues: at P 3 substantially decrease kjK M . Both 
enzymes preferred the tripeptidb 4-nitroaniiides with a P 2 Gly residue over Phe, and 
both favored the substrate Z-Lys-Gly-Arg-4-nitroaniIide over similar substrates con¬ 
taining six other representative amino acid residues at P 3 . The lung enzyme was 
inhibited over three times faster by p-amidinophenyl-methanesulfbnyJ fluoride than the 
skin enzyme. The preference of the skin tryptase for substrates with tw'o terminal 
basic residues indicates,that this enzyme could process prohormones and proproteins 
which contain this structural feature at the cleavage site. The substrates reported in 
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